INTRODUCTION MATERIALS AND METHODS
Functional differentiation of mammary epithelium normally begins during pregnancy and culminates after parturition . A few weeks after the cessation of lactation the gland involutes and again becomes functionally dormant, and remains so until the onset of the next pregnancy . Previous studies on the development of mouse mammary gland in vitro revealed several critical roles of insulin (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Insulin can promote epithelial cell proliferation and is required for conversion of nonsecretory mammary cells into secretory cells in the presence of glucocorticoid and prolactin . However, it was shown that mammary cells in mature virgin animals, cells which are developmentally dormant, lack responsiveness to insulin, whereas mammary cells in midpregnancy are responsive to insulin (14) . These results suggest the possibility that change in responsiveness to insulin may be an important regulatory step in the differentiation of mammary epithelium .
In the present report we have extended our previous observations by examining the responsiveness to insulin of mammary epithelium in other developmental stages . It will be shown that responsiveness to the hormone changes in the various physiological states in a manner consistent with the view that these changes may be key factors in control of mammary gland development .
550
A nimals C3H/HeN mice were used throughout the experiments . The immature virgin mice were 3-5-wk old ; the mature virgin animals were 4-5 mo of age . The pregnant mice were in various stages of their first pregnancy . The Ist day of pregnancy was equated with the day when a vaginal plug was found . The lactating mice had been nursing litters of four to seven pups for 8-12 days . The postlactational period began when nursing was terminated by removal of the litter after 10 days of lactation . Maintenance of the mice required special care since the hormone responsiveness of mammary epithelium was affected by various environmental factors such as population density in the cages, bedding materials, and frequency of handling animals . A standard maintenance procedure employed was the following : constant lighting and temperature, i .e ., lights off from 5 p .m . to 8 a .m ., 25°C ; housing of no more than five mice per cage (size 7 x 11 x 5 inches) ; odorless corncob bedding material ; cleaning the cage twice a week . Mice were fed Purina rat chow and water ad libitum .
Experimental Procedures
Mammary gland explants were prepared from mice in various physiological stages and cultured in medium 199 (Microbiological Associates, Inc ., Bethesda, Md .) containing penicillin G at 35 µg/ml as described previously (6) . Insulin (a gift from Eli Lilly Co ., Indianapolis, Ind .) was used at 5 µg/ml of medium . The medium was THE JOURNAL OF CELL BIOLOGY . VOLUME 62, 1974 . pages 550-556 changed every 48 h . Accumulation of a-[l-"C]aminoisobutyric acid (AIB,' sp act 6 .5 mCi/mmol, New England Nuclear, Boston, Mass .) was determined as described earlier (14) . The combined activities of glucose-6-phosphate dehydrogenase and gluconate-6-phosphate dehydrogenase in epithelial cells was assayed by the method of Glock and McLean (15) after removal of fat cells from explants by treatment with collagenase (type I, Worthington Biochemical Corp ., Freehold, N . J .) as described (16) . The data were expressed as the change in absorbance at 340 nm per min per mg wet weight of tissue . The extent of DNA synthesis was measured by allowing explants to incorporate [methyl-3 H]thymidine (sp . act . 8 Ci/mmol, New England Nuclear) into trichloroacetic acid (TCA) precipitable ' Abbreviations used in the paper : AIB, aaminoisobutyric acid, TCA, trichloroacetic acid . material for the indicated periods as previously described (6) . That the incorporation of [ 6-phosphate dehydrogenase and gluconate-6-phosphate dehydrogenase ; and (c) DNA synthesis . The effect of insulin on the accumulation of A I B was compared during 2 days of culture of mammary explants derived from mice in the various physiological stages . As shown in Fig . I A, B , F, insulin produced little increase in AIB accumulation during the first 24 h in the explants from immature, mature virgin, and 6-wk postlactational mice, respectively . During the 2nd day, however, all of those explants responded to insulin with an enhanced accumulation of AIB, and thereafter maintained their responsiveness during 96 h of culture (not shown) . By contrast, in explants from midpregnant mice, stimulation of AIB accumulation by insulin was already evident in the first 4 h of culture, and the increment remained constant throughout the culture period (Fig . I C) . In similar experiments the effect of insulin on AIB accumulation was detectable as early as the first 30 min of incubation (unpublished) . In explants from lactating mice (Fig . I D) , the initial accumulation of AIB was very high, and insulin did not enhance it . During culture, however, the effect of insulin became apparent since the rate declined in the absence of the hormone . 552 BRIEF NOTES Physiologically, transition from an insulinresponsive to an unresponsive state appears to occur gradually during involution since explants from I-wk postlactational mice exhibited some responsiveness to insulin in the first 4 h of culture (Fig . 1E) , while the cells in 6-wk postlactational mice exhibited no responsiveness at this time (Fig .  I F) .
From the data presented above, it is apparent that a transition from an unresponsive to responsive state occurs some time during pregnancy . Additional studies were done to determine more precisely the time of this transition . Results shown in Table I indicate that insulin responsiveness, as determined by AIB accumulation, begins to develop at about the 2nd day of pregnancy . Thereafter responsiveness increases as pregnancy reaches midterm . At 12 days of pregnancy, the cells were maximally responsive, based on the fact that the increment in insulin-stimulated response was the same during the 1st day as during the 2nd day of culture . This was also true during the remainder of pregnancy . Fig . 2 illustrates the kinetics of accumulation of the combined activities of glucose-6-phosphate dehydrogenase and gluconate-6-phosphate dehy- Mammary explants were prepared from mice in the indicated stages of pregnancy and cultured in medium 199 containing either no hormone (NH) or insulin (1) . Accumulation of[ "C]AIB was determined by allowing explants to accumulate ['"C]AIB (0 .1 sCi/ml of medium) at indicated periods as described in Materials and Methods . At least three mice were examined in a given stage .
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Culture system (12), and the epithelial cell fractions were assayed for the enzymes as described in Materials and Methods . The enzyme activities were expressed as the change in absorbance at 340 nm per mg wet weight of tissue . Each point represents the average of two determinations . 24 drogenase in the cultured epithelial cells from mature virgin, midpregnant, midlactational, and postlactational mice . The enzyme activities in cells from midpregnant mice increased rapidly to a near maximum after 24 h of incubation with insulin, whereas in the absence of the hormone, the activities declined steadily (Fig . 2 B) . In contrast, the enzyme activities in the cells from mature virgin and postlactational mice changed very little in the first 24 h of culture despite the presence of insulin (Fig . 2 A, D) . By the 2nd day, however, the activities increased in those cells which were incubated with insulin . In cells from midlactational mice, the enzyme activities were initially very high, and declined slowly in the presence of insulin (Fig . 2 C) . In the absence of insulin, however, the decline was much faster than that which occurred in the presence of the hormone . Fig . 3 depicts the time-course of DNA synthesis by mammary epithelium from mice in various physiological stages during a 4-day culture . As shown in Fig . 3 A, B, D , E, the explants from immature, mature virgin, midlactational, and postlactational mice, respectively, were unresponsive to insulin during the first 24 h . During the 2nd day, however, DNA synthesis in those cells was markedly stimulated by insulin and reached a peak after 2-3 days of culture . Addition of larger amounts of the hormone did not shorten the 24-h lag period in any instance . It is noteworthy that a relatively small increase in DNA synthesis occurred,even in the absence of insulin during a 4-day culture . The cells from midpregnancy, by contrast, showed a high initial rate, and responded markedly to insulin within the first 24 h (Fig . 3 C) . In the absence of the hormone, the rate of DNA synthesis in these cells declined during culture . The mechanisms whereby the cells acquire and lose responsiveness to insulin are not understood .
In organ culture, responsiveness develops even in the absence of any added hormones about I day after culture' and this makes it possible for the cells to differentiate in vitro . In intact animals, development of the responsiveness appears to be hormone dependent . Recently, it has been found that the cells in nonpregnant mice and rats become responsive to insulin and to serum after administration of prolactin (20) . Injection of insulin did not stimulate cell proliferation in mammary glands of these animals (unpublished data) . These observations indicate that mammary cells in virgin mice and rats are indeed unresponsive to insulin, and that acquisition of responsiveness during pregnancy may, at least in part, be due to an increased level of serum prolactin or placental lactogen (28) (29) (30) . Placental lactogen has been shown to simulate the several effects of prolactin on mammary cells (31) . Furthermore, this effect of prolactin may also account for our occasional findings of insulin-responsive mammary cells in mature virgin animals, since the prolactin level increases during estrus (28) . Moreover, in prolactin-treated mature virgin mice, the epithelium becomes unresponsive after 10 days of withdrawal of prolactin treatment (unpublished) . Hence, it appears that the continuous presence of prolactin may be required for maintenance of insulin responsiveness in intact animals . Transition from lactation to involution, during which insulin responsiveness diminishes, may also be a consequence of a decrease in prolactin level in the circulation (28) .
SUMMARY
Responsiveness of mouse mammary epithelium to insulin changes in various physiological states of the animal . Based on examination of several effects of insulin, responsive cells are found in the glands during pregnancy and lactation, states in which terminal differentiation of mammary epithelium takes place . Unresponsive cells are present in virgin and postlactational mice, states in which differentiation is arrested . It is suggested that insulin responsiveness may be an important factor z We have observed some difference in the length of the unresponsive period, and also found that development of responsiveness in terms of AIB and DNA synthesis occurs asynchronously in time when we examined the virgin C3H/HeJ mice .
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